This paper reports the development and application of a scale to measure high reliability in hospital perinatal units. The High Reliability Perinatal Safety Assessment (HRPSA) is an objective scale based on widely accepted professional standards and practices administered by external observers to assess hospital perinatal safety. The HRPSA was conducted in 16 hospitals around the nation. We assessed the internal consistency and face validity of the scale.
I. INTRODUCTION A. Overview
Although patients expect error-free care, perinatal patient safety is not a certainty in hospitals today [1] and 1.5 percent of hospitalized obstetrics patients experience an adverse event. The greatest danger comes from rare accidents which are hard to predict and foresee [2] and therefore extremely difficult to control. For the individual provider and care team, perinatal patient injury occurs infrequently. However it is well documented that health care is not safe for patients, and estimates of unintended patient deaths range from 48 000 to 200 000 [3] , [4] whereas patient injury is estimated to be approximately 15 million incidents annually [4] .
High-reliability theory has become increasingly prominent in health care to help improve safety for patients and there is growing evidence that applying reliability principles has the potential to help reduce defects in care processes and reduce unintended patient injury [5, 6] . High reliability theory consists of organizational design principles and management approaches that prevent patient injury and improve the patterns of care delivery. Characteristics of a highly reliable health care organization include an organizational commitment to safety, high levels of building back-up steps into a process and a strong organizational culture for continuous learning [7] , [8] . High reliability is a method to insure patient safetyfreedom from accidental injury [3] through the prevention of injuries stemming from the processes of health care [9] .
However, high reliability is not a dominant feature of the health care delivery system and there are no objective assessment scales available to assess perinatal reliability. In this study we describe a scale to measure reliability in hospital perinatal units.
B. Background
Despite a decade of effort since several Institute of Medicine reports [3] , [10] concluded that healthcare safety in at epidemic levels, there has not been adequate progress toward preventing and mitigating harm [11] , [12] . This lack of progress is especially relevant in hospital perinatal units. The concept of a high reliability perinatal unit (a highly complex system that operates for long periods without mistakes) was introduced to explain why some perinatal units produced less harm to patients [13] . Since then, significant progress has been undertaken to refine the concept of reliability and a quantitative based definition has been introduced which defines reliability as the inverse of a system defect rate [14] .
Moreover, a number of important scales and measures have been developed to assess perinatal safety in hospitals including the perinatal care core set of five measures in the ORYX ® system developed by the Joint Commission; weighted severity outcomes scales for obstetrical care [15] and culture of safety scales [16]- [18] . Safety culture has been identified, moreover, as an empirical strategy and necessary precursor to patient safety. While creating perinatal reliability requires a comprehensive safety program [19] , no single scale has objectively assessed the entire context in which care is provided.
II. METHODS

A. Procedure
These findings are part of the Premier Patient Safety Initiative (PSI), a larger study designed to develop and implement best practices to improve the reliability of perinatal teams from perinatal units of 16 hospitals in 12 states representing approximately 110,000 births over the 36 month period. The larger study was conducted for a three year period (January 2008 to December 2010), and designed to address leading causes of preventable harm contributing to perinatal morbidity and mortality in the hospital setting through the consistent implementation of best practices to improve the reliability of perinatal care delivery.
B. Scale Development
We developed the High Reliability Perinatal Safety Assessment (HRPSA) scale based on the most current standards of practice using a three stage process. First, we convened a set of national perinatal safety experts for a two day conference to identify the major organizational components required for a high reliability perinatal unit. Second, we conducted a compressive review of medical literature, professional healthcare standards, healthcare risk management guidelines, the Joint Commission accreditation standards, and the Center for Medicare and Medicaid Conditions of Participation. Third, we integrated the nationally recognized perinatal standards and guidelines into a high reliability model for perinatal safety [13] , [1] .
The resulting HRPSA scale consists of 48 items organized in nine dimensions: 1) use of standardized communication, 2) teamwork, 3) fetal monitoring, 4) medical record documentation, 5) equipment management and readiness for emergencies, 6) critical event management, 7) situational awareness, 8) performance improvement, and 9) risk mitigation. Table 1 defines the nine dimensions created to address operational characteristics and processes a perinatal unit was expected to have to be considered highly reliable [13] as well as the number of items for each dimension. Table 1 about here C. Measurement Each of the 48 items was measured using a four point scale (from 0 -3) with categories specified as 0 (not demonstrated), 1 (improvement opportunities exist), 2 (meets industry standard), and 3 (high reliability practice). A score of 0 indicated an industry standard had not been addressed or that hospital representatives were unaware of the industry standard at the time of the assessment. A score of 1 indicates the practice or policy did not sufficiently meet established industry standards. A score of 2 demonstrated compliance with industry standards and guidelines, as suggested by the professional organizations and cited medical literature. A score of 3 reflects the practice consistent with a high reliability perinatal service, which goes beyond what is required to meet the current and accepted standard of practice in the industry. In some situations, the industry standard and the high reliability practice are the same, and a score of 3 was provided.
D. Data Collection
A two day on-site perinatal unit safety assessment was conducted by an audit team consisting of experts in risk management and patient safety. A two member team visited each of the perinatal units in the 16 hospitals. The assessment team used a standardized audit protocol to determine what patient safety practices the hospital and the perinatal unit had in place, and the extent those practices were consistent with high reliability characteristics. The four stage assessment audit consisted of a multi-functional analysis of care delivery, equipment use, and risk management. First, a series of interviews was conducted with members of the labor and delivery healthcare team, physician and nursing leadership, and staff from quality and risk management. Next, the assessment team gathered information to determine what patient safety practices the hospital and the perinatal unit had in place, and whether those practices were consistent with best practices. Third, a review of randomly selected medical records and medical staff credentialing files was performed. Fourth, various documents were reviewed, including hospital and unit policies and procedures, patient care guidelines and medical equipment supply lists. For each item, a score was assigned to reflect the current level of performance compared with industry standards.
E. Scale Calculation
The HRPSA scale score was calculated using two methods. First, a summary score for each dimension was created by calculating the mean average. Second, an overall consolidated score was calculated for each hospital by summing the total items. The total potential score was 0 to 144. For example, if a hospital responded to all 48 items and received a score of 2 on all items, the summed score would be 96. The number of items measured in each of the 16 hospitals ranged from 138 items to 144 items. We standardized the HRPSA scale to account for items that are not applicable and for missing data by dividing the total score by the number of items measured and multiplied by 100 for a percentage score. The HRPSA Hospital Score ranged from 0 to 100 percent (all best practices absent to all best practices present)
F. Scale Reliability and Validity
Reviewers attended several onsite assessments together to align the scoring methodology and reviewer expectations. The reviewers were then separated into audit teams for each hospital. Reviewers also participated in ongoing calibration of individual findings to establish inter-rater reliability. We established face validity and content validity with the expert panel. Table 2 shows the mean average score for each of the nine dimensions and among the 16 hospitals as well as the consolidated score. The dimension scores range from a low of 1.32 (bundle compliance) to a high of 2.56 (electronic fetal monitoring), the overall consolidated score is 1.97. The variability for each dimension is also shown. Table 2 about here   Table 3 shows the standardized HRPSA scores for each of the 16 hospitals in the collaborative. The standardized HRPSA score ranges from a low of 46.8 percent for hospital J to a high of 84.7 percent for hospital K, reflecting a 60 percent differential in the reliability audit. The overall standardized HSRPA score is 64 percent. A score of 0 percent indicates that a best practice was absent on all 48 items while a score of 100 percent indicates that best practices were present for all measures. Table 4 categorizes the hospitals by cross-walking the scale scores with the standardized score. Table 3 about here  Table 4 about here
III. RESULTS
IV. DISCUSSION
We developed the High Reliability Perinatal Safety Assessment (HRPSA) scale to objectively measure the extent to which perinatal units demonstrate best practices by using an independent audit team. The HSRPA scale is composed of nine dimensions consisting of forty eight items that are based on nationally recognized perinatal standards. Each item was measured on a four point scale with four measures: 0 (not demonstrated); 1 (improvement opportunities exist); 2 (meets industry standard); 3 (high reliability practice). The findings show that the overall consolidated score for the nine dimensions was 1.97, indicating that the hospitals are meeting industry standards. However, there is a wide variation between the nine dimensions ranging from a low of 1.32 for bundle compliance to a high of 2.56 regarding policies for electronic fetal monitoring. The three highest scoring dimensions in the HRPSA score are electronic fetal monitoring (2.56), supply chain management (2.43), and risk management (2.41), demonstrating an average score well above industry standards. However, the collaborative is below industry standards on four dimensions, including situational awareness (1.83), reliability concepts (1.74), critical event management (1.38) and care bundles (1.32). This suggests that policies and management activities may be easier to implement than care practices that require interdisciplinary team effort by providers.
The standardized score corresponding to the overall item measurement can be interpreted as follows: 0 percent (0 = absent); 33.3 percent (1= improvement opportunities exist); 66.6 percent (2= meets industry standards); and 100 percent (3 = exceeds industry standards). The findings indicate that the overall standardized HSRPA score of 64 percent for the sixteen hospitals is approximately the industry average, but ranges from a low of 46.8 percent at hospital J to a high of 84.7 percent for hospital. Overall, 8 of the 16 hospitals achieved a perinatal patient safety reliability score showing their overall practices were below industry standards, and 8 of the remaining hospitals achieved a score at industry standards or better than industry standards. However, none of the hospitals achieved a score exceeding industry standards.
This has several important implications. First, there may be opportunity to improve the reliability of perinatal units in all the hospitals. It should be possible to use the findings from the HRPSA scale to determine exactly where practices fall beneath industry standards and correct the deficiencies. Second, some hospitals perform demonstrably better than their counterparts. It would be useful and important to understand characteristics of the perinatal units that have the highest reliability. Finally, this is a cross-sectional study and it is not clear the extent to which the HRPSA varies over time, or how much time is required to improve reliability.
There are also limitations to the study. To begin, we have not established the predictive validity for the HRPSA scale. A predictive validation would demonstrate the relationship between the HRPSA scale and perinatal outcomes. The hypotheses would be framed as a direct positive relationship between the HRPSA score and perinatal outcomes. Specifically, perinatal units that have a high HRPSA score will produce better outcomes, while perinatal units with a low HRPSA score will experience poorer outcomes. Next, we did not conduct a test-retest assessment to measure the reliability between different audit teams. A recommended next step is to expand the reliability for the HRPSA scale. Finally, this scale was tested on 16 hospitals that were selected to participate in a larger study to reduce perinatal injury. It is recommended to expand the scope and number of hospitals to capture a more diverse set of perinatal units with a randomly selected sample that can be generalized to a larger target population.
V. IMPLICATIONS
A number of features for high reliability perinatal units have been proposed [20] but until now, no study has been conducted to measure best practices in perinatal units. In this research, we used an audit methodology with teams of external safety experts to objectively assess the extent of perinatal unit reliability. The High Reliability Perinatal Safety Assessment is a descriptive scale for better understanding the safety environment of perinatal units in hospitals with important applications of the HRPSA in both research and practice.
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